Introduction {#sec1-0300060518793039}
============

Ultrasonography is a very efficient and widely available technique for the detection of fatty liver. The overall sensitivity and specificity of ultrasound in detection of moderate to severe fatty liver have been shown to be accurate and comparable to those of histology (gold standard).^[@bibr1-0300060518793039][@bibr2-0300060518793039]--[@bibr3-0300060518793039]^ Fatty liver (i.e., hepatic steatosis) in non-alcoholic individuals is rapidly becoming a major public health challenge;^[@bibr4-0300060518793039]^ however, its natural history and determinants remain incompletely understood because of limitations in diagnostic technologies, and this condition is often asymptomatic until the very late stages. Severe complications can occur because of the risk of progression to more advanced stages, including liver fibrosis and cirrhosis, making early noninvasive detection of fatty liver disease by ultrasonography very clinically important.^[@bibr2-0300060518793039],[@bibr4-0300060518793039],[@bibr5-0300060518793039]^ Non-alcoholic fatty liver disease (NAFLD) is a spectrum of diseases ranging from simple steatosis (fatty liver) to non-alcoholic steatohepatitis, fibrosis, and ultimately liver cirrhosis. Abnormalities in lipid and lipoprotein metabolism and abnormal insulin resistance are associated with fatty liver and are also considered to be important pathways for the development of metabolic syndrome-related diseases such as atherosclerosis, cardiovascular disease (CVD), and NAFLD.^[@bibr6-0300060518793039]^

Conventional B-mode ultrasonography is the most common technique used to assess the presence of fatty liver in clinical settings and population studies. Fatty liver is diagnosed based on the following ultrasound parameters: parenchymal brightness, liver-to-kidney contrast, deep beam attenuation, bright vessel walls, and gallbladder wall definition.^[@bibr7-0300060518793039]^ Qualitative grades are conveniently labeled mild, moderate, or severe or grade 0 to 3 (with 0 being normal). Grade 1 (mild) ([Figure 1](#fig1-0300060518793039){ref-type="fig"}) is represented by a slight diffuse increase in fine echoes in the hepatic parenchyma with normal visualization of the diaphragm and intrahepatic vessel borders. Grade 2 (moderate) is represented by a moderate diffuse increase in fine echoes with slightly impaired visualization of the intrahepatic vessels and diaphragm. Grade 3 (marked) ([Figure 1](#fig1-0300060518793039){ref-type="fig"}) is represented by a marked increase in fine echoes with poor or no visualization of the intrahepatic vessel borders, diaphragm, and posterior portion of the right lobe of the liver.^[@bibr8-0300060518793039]^

![Ultrasound findings. (a, b) B-mode ultrasound images of the liver show a mild increase in liver echogenicity compared with the kidney. (c, d) B-mode ultrasound images of the liver show grade III diffuse fatty infiltration with a marked increase in liver echogenicity relative to the kidney and no visualization of the intrahepatic vessel borders, diaphragm, and posterior portion of the right lobe of the liver.](10.1177_0300060518793039-fig1){#fig1-0300060518793039}

This study was performed to compare the serum lipid profiles, serum glutamic pyruvic transaminase (GPT) and glutamic oxaloacetic transaminase (GOT) levels, and glycosylated hemoglobin (HbA1c) level between patients with and without fatty liver on ultrasonography and to determine whether statistical significance exists between fatty liver detected on routine health checkup scans and these laboratory parameters. Overall, the goal was to prove the clinical relevance of ultrasound reporting of fatty liver in routine health checkups.

Materials and methods {#sec2-0300060518793039}
=====================

This retrospective hospital-based cross-sectional study involved patients who had presented for a master health checkup. Of all patients who had been investigated by ultrasonography, those with fatty liver were defined as cases and those without fatty liver were defined as controls. The lipid profile \[i.e., total cholesterol, triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein (LDL)\] was obtained for all patients. The serum GOT \[aspartate transaminase (AST)\], serum GPT \[alanine transaminase (ALT)\], and HbA1c levels were available in various proportions of patients. The lipid profiles, serum GOT and GPT, and HbA1c were compared between cases and controls. The p value was calculated using the chi-square test, and p \< 0.05 was considered statistically significant. The unpaired t-test was performed, and odds ratios were calculated.

Because this was a retrospective study and no new tests were performed or changes to existing investigation protocols were made (whether ultrasonography or blood tests), ethics committee approval was not considered essential. Written consent for the investigations are available from the medical record division. No consent was obtained for inclusion in the study because of its retrospective design.

Results {#sec3-0300060518793039}
=======

In total, 390 patients were investigated by ultrasonography. Of these patients, 226 were diagnosed with fatty liver, and the remaining 164 patients with a normal hepatic echopattern served as controls. The serum GOT and GPT levels were available in 261 and 266 patients, respectively. The HbA1c level was available in 311 patients. The mean age of the cases and controls was 49.73 and 44.86 years, respectively (p \< 0.001 \[very highly significant (VHS)\]). Most cases were in the 40- to 60-year age group (p \< 0.001 VHS) ([Figure 2](#fig2-0300060518793039){ref-type="fig"}). Male and female patients comprised 37.6% and 62.4% of the cases, respectively, and 50.0% each of the controls (p = 0.015 \[significant (SIG)\]). The lipid, liver enzyme, and HbA1c levels were significantly higher in the cases than controls ([Figure 3](#fig3-0300060518793039){ref-type="fig"} and [Table 1](#table1-0300060518793039){ref-type="table"}). The serum total cholesterol and triglyceride levels were high in 54.0% and 40.3% of cases and 37.2% and 23.2% of controls, respectively (p \< 0.001). Low serum HDL levels were seen in 38.9% of cases and 27.4% of controls (p \< 0.001). High serum GPT, GOT, and HbA1c levels were seen in 13.8%, 35.5%, and 46.6% of cases and 5.3%, 23.7%, and 24.8% of controls, respectively. However, the rise in LDL levels in cases (86.7%) compared with controls (86.0%) was not statistically significant.

![Column chart showing age distribution in the case and control groups (X^2^ =25.756, p \< 0.001).](10.1177_0300060518793039-fig2){#fig2-0300060518793039}

![Column chart showing distribution of lipid profile and serum GOT, GPT, and HbA1c levels in cases and controls. TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; GOT/AST, glutamic oxaloacetic transaminase/aspartate transaminase; GPT/ALP, glutamic pyruvic transaminase/alanine transaminase; HbA1c, glycosylated hemoglobin.](10.1177_0300060518793039-fig3){#fig3-0300060518793039}

###### 

Group statistics of variables in case and control groups with unpaired t-test and odds ratio estimation.

![](10.1177_0300060518793039-table1)

                              Group   n         Mean      SD               t-test   Odds ratio for abnormal/below-normal values           
  --------------------------- ------- --------- --------- ---------------- -------- --------------------------------------------- ------- -------
  Total cholesterol (serum)   Cases   226       205.075   49.574           2.755    0.505                                         0.335   0.761
  Controls                    164     192.634   34.956    p = 0.006 HS                                                                    
  Triglycerides               Cases   226       161.867   140.419          3.555    0.447                                         0.285   0.701
  Controls                    164     120.268   61.231    p \< 0.001 VHS                                                                  
  HDL cholesterol             Cases   226       44.648    11.211           4.089    0.593                                         0.384   0.916
  Controls                    164     50.063    14.946    p \< 0.001 VHS                                                                  
  LDL cholesterol             Cases   226       146.944   38.539           3.173    0.938                                         0.523   1.684
  Controls                    164     135.074   33.387    p = 0.002 HS                                                                    
  GOT (AST)                   Cases   167       28.371    17.102           2.295    0.352                                         0.129   0.959
  Controls                    94      23.968    9.725     p = 0.023 SIG                                                                   
  GPT (ALT)                   Cases   169       39.373    24.614           2.326    0.564                                         0.321   0.992
  Controls                    97      32.361    21.898    p = 0.021 SIG                                                                   
  HbA1c                       Cases   174       6.483     1.506            3.419    0.379                                         0.232   0.618
  Controls                    137     5.951     1.152     p \< 0.001 VHS                                                                  

SD, standard deviation; CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; HbA1c, glycosylated hemoglobin; VHS, very highly significant; HS, highly significant; SIG, significant.

Discussion {#sec4-0300060518793039}
==========

With the rising prevalence of obesity, the proportion of fatty liver has increased in both Eastern and Western countries.^[@bibr4-0300060518793039]^ Fatty liver can progress to steatohepatitis, cirrhosis, and even hepatocellular carcinoma if not diagnosed promptly. Previous studies conducted in Western countries have demonstrated that the risk factors for fatty liver disease include age, sex, and metabolic factors such as central obesity; a higher body mass index, fasting blood glucose level, insulin level, triglyceride level, and cholesterol level; and lower HDL level.^[@bibr5-0300060518793039]^ NAFLD is a broad term for a wide disease spectrum ranging from NAFLD to non-alcoholic steatohepatitis, fibrosis, and ultimately cirrhosis in the absence of significant alcohol intake. Moreover, previous studies have demonstrated that the development of hepatocellular carcinoma in patients with hepatic steatosis can occur in the absence of liver cirrhosis. In asymptomatic non-alcoholic patients with hepatic steatosis detected by ultrasonography, it is important to check for metabolic risk factors such as dyslipidemia, obesity, and glucose intolerance by biochemical analysis for early diagnosis of metabolic syndrome.^[@bibr5-0300060518793039]^ NAFLD affects almost 30% of the population in Western countries and has become the most common cause of chronic parenchymal liver disease.^[@bibr9-0300060518793039]^ Obesity is considered a high-risk factor for fatty liver, and the prevalence of NAFLD is \>90% with up to 5% of patients having clinically unsuspected cirrhosis. Fatty liver is not only a hepatic manifestation of metabolic syndrome but can also promote the development of metabolic-related extrahepatic complications such as CVD, type 2 diabetes, chronic kidney disease, hypothyroidism, polycystic ovarian syndrome, osteoporosis, and colorectal cancer. Increasing evidence is showing that patients with fatty liver disease have a significantly higher risk of CVD than the general population of the same age and sex.^[@bibr5-0300060518793039],[@bibr10-0300060518793039][@bibr11-0300060518793039]--[@bibr12-0300060518793039]^

Our study is in agreement with several previous studies showing a higher prevalence of fatty liver in men than women, with the prevalence peaking at 40 years of age and remaining relatively constant up to the seventh decade of life.^[@bibr13-0300060518793039]^ NAFLD appears to be the most common cause of elevated serum GPT and GOT levels.^[@bibr14-0300060518793039]^ NAFLD is not an isolated or random event in metabolic syndrome but is a hepatic component of metabolic syndrome^[@bibr12-0300060518793039]^ and represents an important self-governing risk factor for diabetes, CVD, chronic renal disease, and all components of metabolic syndrome. In patients with NAFLD, overproduction of several atherogenic factors such as cytokines and lipoproteins occurs with influx of free fatty acids from the adipose tissue to the liver, contributing to an increase in the liver fat concentration. Alterations in the triacylglycerol content are seen in about 74% to 90% of patients undergoing liver biopsy.^[@bibr12-0300060518793039]^ Insulin resistance is now considered characteristic of NAFLD, contributing to the development of type 2 diabetes; hence, fatty liver is associated with abnormal HbA1c levels. Increased free fatty acid flux from fatty tissue to non-adipose organs because of deranged fat metabolism can contribute to hepatic triglyceride accumulation, resulting in impaired glucose metabolism and insulin sensitivity in the muscle and liver.^[@bibr15-0300060518793039]^ Thus, fatty liver is associated with increased serum LDL and triglyceride levels combined with decreased HDL levels, all of which are independent risk factors for CVD. NAFLD is thus independently associated with an increased risk of CVD in patients without diabetes and in those with type 1 and 2 diabetes.^[@bibr6-0300060518793039],[@bibr16-0300060518793039],[@bibr17-0300060518793039]^ Our results corroborate these findings because we found that elevated liver enzymes, a deranged lipid profile, and abnormal insulin resistance manifesting as high HbA1c levels are associated with fatty liver even in asymptomatic patients presenting for routine health checkups.

Fatty liver disease is not uncommon in non-obese Asian patients. A rising prevalence of metabolic syndrome^[@bibr12-0300060518793039]^ and a higher risk of CVD and type 2 diabetes have been reported in South Asian countries despite the fact that these patients have a lower body mass index than their European and American counterparts.^[@bibr18-0300060518793039]^ The use of blood tests, mainly measurement of the ALT level, as a screening tool can be erroneous because the ALT level may be normal in 69% of patients with increased liver fat.^[@bibr12-0300060518793039]^ Consequently, the development of a feasible noninvasive screening marker is needed to identify high-risk groups of patients with fatty liver in the general population. Such patients are easily overlooked if there is a lack of clinical suspicion. Because it is inexpensive and readily available in all rural centers in India, ultrasound fits the role of being the most suitable investigation technique for mass population screening of fatty liver. Further metabolic tests can then be performed in individuals found to have fatty liver.

Study limitations {#sec5-0300060518793039}
-----------------

The correlation of LDL levels between cases and controls was not statistically significant. We assume that if the study had been performed in a larger sample size, we may have been able to prove a statistically significant association between LDL and fatty liver.

Conclusion {#sec6-0300060518793039}
==========

Most patients with fatty liver are asymptomatic; symptoms occur only in the advanced stages of the disease. Knowledge of the diagnosis, risk factors, and management of NAFLD is poor, even among general practitioners; thus, a significant proportion of patients with high-risk NAFLD are missed. Over-reliance on measurement of transaminases to diagnose fatty liver disease risks underdiagnosing NAFLD. Although liver biopsy is the gold standard method for diagnosis of fatty liver, it cannot be performed in the entire general population. Ultrasonography, which is a noninvasive and simple tool, can be used for the early detection of fatty liver in asymptomatic patients. This technique can also serve as an indicator of future comorbidities and can help clinicians to suggest blood investigations and counsel patients regarding further management or preventive measures.
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